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Effects of Aging and W Addition on the Corrosion Resistance and Mechanical
Properties of Fe-Cr-Mn-N Stainless Steels
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*Dep’t of Metallurgical Engineering, Yonsei University
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The characteristics of the mechanical properties and sensitization behaviors in Fe-Cr-Mn
stainless steels by W addition and aging treatment were studied. Yield strength. tensile strength,
elongation and impact energy decreased. and hardness increased slightly by aging treatment.
W-containing alloys showed especially a larger degree of brittle characteristics due to the hard
chi( x) phase formed from the decomposition of ferrite. Carbides precipitated in grain boundary
had a bad effect on impact energy rather than on strength and hardness. Ni addition suppressed
the formation of ferrite and resulted in some improvement of mechanical properties. Anodic
polarization tests showed that the corrosion resistance of aged alloys decreased by the formation
of carbides and secondary austenites. It was observed that W addition made no improvement of
the pitting potential and passive current density of aged alloys in the HCI solution. But Ni and
W decreased critical current density in the sulfuric acid and made easier formation of passive
film, contributing to corrosion resistance. From the results of EPR (Electrochemical
Potentiokinetic Reactivation). DOS (Degree of Sensitization) increased with aging time and
carbides and ferrite were preferentially attacked. It was observed that Ni delayed the
sensitization. It can be concluded from the previous results that the selective dissolution of ferrite
is due to the ferrite decomposition to chi ( ) phase and secondary austenites. In the secondary
austenite, Cr and W which are known to improve the corrosion resistance were depleted.
Therefore, it seems that ferrite phase became sensitive to corrosion.

Keywords : Fe-Cr-Mn-N  steel, austenite, ferrite, precipitation, MCs carbides, Chi phase,
EPR(Electrochemical Potentiokinetic Reactivation), ferrite decomposition DOS (Degree of
Sensitization).
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Table 1. Chemical Compositions of the experimental

alloys (wt%)

C |Si|{Mn|Ni|Cr |V |W]N|Fe
C11 | 0.09 1052(14.4| - |16.1|0.29|0.01|0.40Bal.
C13|0.11|050|13.5| - |14.5[0.24|3.60{0.43|Bal.
C14 | 0.07 |051|139/157| 151 |0.17|3.57|0.43| Bal.

o A& dAEe Fe-Cr-MnAl ¥39 carbide,
o, x 59 H& ez g8y 500C ~
800°C M9l % 650CoIA 1417k, 10417k, 100417+
St et Y F A& A7) w2 aigis A
5 2 71A4 54 B3E ZFIAC
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Fig. 1. Effects of aging time on the hardness of Ci11,
C13, and C14 alloys aged at 650°C.
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Fig. 2. Effects of aging time on the impact energy of
C11, C13, and C14 alloys aged at 650°C.
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Fig. 3. Effects of aging time on the mechanical
properties of C11, C13, and C14 alloys aged at 650°C.
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Fig. 4. Effects of aging time on the elongation of C11,
C13, and C14 alioys aged at 650°C.
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Fig. 5. Anodic polarization curves of alloys in 1% H.SO. solution at 30°C
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Fig. 7. The variaition of the DOS(Degree of sensitization)
values of C11, C13, and C14 alloys with aging time.
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